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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
unit (and a stepper equipped with the unit) which 
does not have its attitude limited when used and has 
a very large degree of freedom at the time of 
installation. 

SOLUTION: This optical unit is equipped with a 
diffracting optical element 3 which has an optimum 
function when deforming by receiving internal 
pressure, which is prescribed in a sealed space 34. 
Namely, dry air, helium gas, nitrogen gas, etc., are 
charged to positive pressure so that when external 
force variation including relative gravitational 
variation is applied to the optical axis of the 
diffracting optical element 31, the elastic 
deformation quantity of the diffracting optical 



element 31 becomes nonlinear and the diffracting 
optical element 31 is held nondestructive. 
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[English translations of Page 7 right column, line 6 to Page 8 left 
column, line 4] 
5 Brief description of the drawings 

[FIG. 1] 

Fig. 1 is a schematic view showing a structure of a stepper according to 
the first embodiment of the present invention. 
[FIG. 2] 

10 Fig. 2 is a schematic cross sectional view showing the projection optical 
system, which is an element of the stepper. 
[FIG. 3] 

Fig. 2 is a schematic cross sectional view showing the optical unit 
provided with the projection optical system, which is an element of the 
15 stepper. 
[FIG. 4] 

Fig. 4 is a schematic view showing a diffraction optical element, which is 
an element of the stepper. 
[FIG. 5] 

20 Fig. 5 shows a flexibility transformation characteristic of an optical member 
mainly considering the diffraction optical element. 
[FIG. 6] 

Fig. 6 is a schematic view showing another example of the stepper 
according to the first embodiment of the present invention. 
25 [FIG. 7] 



Fig. 7 is a flow chart for explaining a flow of a semiconductor device 
manufacturing process by using the stepper according to the first 
embodiment of the present invention. 
[FIG. 8] 

5 Fig. 8 is a flow chart for explaining a flow of a semiconductor device 
manufacturing process by using the stepper according to the first 
embodiment of the present invention, which continues from Fig. 7. 
[FIG. 9] 

Fig. 9 is a schematic cross sectional view showing a main structure of a 
10 television camera according to the second embodiment of the present 
invention. 

Descriptions of the reference numerals 

1 : light source 

2 : beam shape transformation means 
15 3 : optical integrator 

4 : stop member 

5 : condenser lens 

6 : half mirror 

7 : shade 

20 8 : image coupling lens 

9 : light traveling direction changing mirror 
10, 101 : correction optical system 

1 1 : reticle 

1 2 : projection optical system 
25 13: wafer 

1 4 : wafer chuck 

1 5 : wafer stage 



J 

20 : illumination system 

21 : optical unit 
22, 23 : lens 

24 : lens barrel 1 
5 31 : diffraction optical system 
31a : disk shaped substrate 
31b : diffraction pattern 

32 : sheet glass 

33 : holding ring 
10 33a : through hole 

34 : gastight space 

101 : CCD 

1 02 : focus lens group 

103 : zoom lens group 

15 104 : compensator lens group 

105 : relay lens group 

step 1 : circuit design 

step 2 : mask fabrication 

step 3 : wafer manufacture 
20 step 4 : wafer process (pre-process) 

step 5 : assembly (post-process) 

step 6 : inspection 

step 7 : shipping 

step 1 1 : oxidation 
25 step 12 : CVD 

step 13 : electrode formation 

step 1 4 : ion implantation 




step 1 5 : resist processing 
step 16 : X ray exposure 
step 1 7 : developing 
step 1 8 : etching 
5 step 1 9 : resist removal 

[English translations of Page 5 right column, line 8 to 38] 

[0033] 

In general, diffractive optical elements are extremely thin and can 
10 therefore be set in various places in various optical devices unlike optical 
elements having a lens group of a multilayer complicated construction and 
used for the same purposes, i.e., for chromatic aberration, etc. On the 
other hand, because they have a reduced thickness relative to the 
diameter, their deformation mainly due to their own weights is a 
15 consideration. In this embodiment, therefore, a gas is enclosed in the 
gastight space 34 so as to have a predetermined positive pressure with 
respect to the pressure on the outside for the purpose of preventing 
deformation, as described below. 
[0034] 

20 Not only quartz, which is a main material for the diffractive optical 

element 31 , but also members used in optical systems generally exhibit an 
elastic deformation characteristic such as shown in Figure 5. That is, 
when the optical member undergoes a change in external force f including 
a relative change in the direction of gravitation on the optical axis of the 

25 member, and when 0 <s f * P1 , it exhibits a linear characteristic such that 
the displacement x is proportional to the external force f. When the 
external force f is larger, that is, P1 < f < P2, the optical member exhibits a 



nonlinear characteristic such that the rate of increase in displacement x is 
small relative to the increase in external force f (the characteristic curve is 
upwardly convex as viewed in Figure 5). P2 is a critical value at which 
damage to the material in the optical system occurs. 
[0035] 

In this embodiment, this characteristic is utilized and a gas is 
enclosed in the gastight space 34 so that the displacement x of the 
diffractive optical element 31 by the external force f satisfies 

dVdf 2 <0 ... (1) 
and a positive internal pressure value is reached such that the diffractive 
optical element 31 is in a non-destructible state, in other words, pressure 
F in the airtight space 34 is such a positive pressure that 

P1 < F < P2 ... (2) 

is satisfied. 
[0036] 

The kind of enclosed gas depends on the wavelength of laser light 
used, etc. Dry air or an inert gas such as helium gas or nitrogen gas, 
however, is preferred. 
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